To assess the effect of portal vein embolization (PVE) on intrahepatic recurrence rate after right hepatectomy for unilobar colorectal liver metastases (CLM). Summary and Background: Recent research suggests that CLM could spread retrogradely through the portal vein. PVE may reduce tumor shedding by the occlusion of distal portal branches. However, no study reported the clinical effect of PVE on intrahepatic recurrence after CLM resection. Patients and Methods: Between 1995 and 2003, 44 patients requiring a right hepatectomy for unilobar CLM were operated in our institution. Right hepatectomy was performed after PVE in 23 patients (group A) and without PVE in 21 (group B). Surgical outcome and site of recurrence were analyzed. Results: The postoperative mortality was nil. Overall morbidity and transitory liver failure rates were similar in groups A and B (43.4% and 17.3% vs. 33.3% and 14.2%, respectively). The 3-and 5-year overall survival rates did not differ in group A and B patients (61.2% and 43.7% vs. 49.7% and 35.5%, respectively; P ϭ 0.862). The disease-free survival rate was similar in both groups. Thirty patients (68.2%) developed recurrences. Recurrences were intrahepatic in 22 patients (50%) and extrahepatic in 27 (61.3%). Intrahepatic recurrence rate was significantly lower in group A compared with group B (26.0% vs. 76.1% respectively; P Ͻ 0.001). PVE, number of CLM, and administration of neoadjuvant chemotherapy were independent prognostic factors for intrahepatic recurrences. Conclusion: This study showed that PVE reduces intrahepatic recurrence rate after right hepatectomy for unilobar CLM.
L iver resection has been recognized as the only potentially curative treatment of patients with colorectal liver metastases (CLM) offering long-term survival and the only hope for cure. [1] [2] [3] However, recurrence after CLM resection occurs in more than 60% of the patients. 4, 5 Several prognostic factors associated with cancer recurrence after CLM resection have been reported. They include primary tumor stage and tumor differentiation, disease-free interval between diagnosis of primary tumor and emergence of CLM, carcinoembryonic antigen (CEA) blood level before liver resection, number, size, and distribution of CLM, extent of liver resection, and resection margin. Finally, several markers of biologic activity were described (Ki-67, microscopic growth pattern, doubling tumor time, tumor ploidy, and intrahepatic lymphatic invasion). 1,6 -19 Currently, in patients requiring major hepatectomy with too small future remnant liver (FRL) Ͻ 30% of liver volume, portal vein embolization (PVE) has been accepted as an efficient preoperative therapy to optimize the volume of the FRL. However, it has been advocated that PVE increases the tumoral growth of CLM. 20 -22 To the best of our knowledge, no report has yet analyzed the effect of preoperative PVE on recurrence after CLM resection.
The present study aimed to investigate whether preoperative PVE has any clinical influence on recurrence after CLM resection in an homogeneous group of patients presenting unilobar CLM and who underwent a right hepatectomy with or without preoperative PVE.
PATIENTS AND METHODS

Study Patients
The outcome of 44 consecutive patients presenting resectable right unilobar CLM who underwent from January 1995 to December 2003, a right hepatectomy were retrospectively reviewed (Fig. 1 ). Among these patients, those with a FRL of less than 30% underwent a preoperative PVE. Therefore, a right hepatectomy was carried out after preoperative PVE in 23 patients and without preoperative PVE in 21 patients. During the same period, 5 other patients with unilobar right CLM underwent PVE, but they were not resected owing to disease progression.
Patient Selection for Chemotherapy
Patients who received neoadjuvant chemotherapy were referred to our department after administration of chemotherapy. At the opposite, postoperative adjuvant chemotherapy was decided in our institution by a multidisciplinary committee including oncologists, gastroenterologists, radiologists, and surgeons.
Preoperative Evaluation
The diagnosis of CLM was made on the basis of a raised level of tumors markers and/or after detection of liver tumors by ultrasonography, CT scan and/or MRI. Before liver resection all the patients underwent a preoperative evaluation including abdominal and thoracic CT scan.
PVE and Liver Surgery
Right PVE was decided preoperatively when the FRL was less than 30% of the total functional liver volume. The technique of PVE has been previously described. 23 Right hepatectomy was performed using a standardized technique. In brief, after adequate exposure of the operative field through an abdominal approach, the right liver was mobilized by sectioning the falciform and right triangular ligaments. The inferior vena cava was controlled and encircled with a tape above and below the cavo-hepatic confluence. The hepatic pedicle was then dissected and lymph nodes in the hepatoduodenal ligament were analyzed. The common bile duct was isolated to avoid bile duct clamping during Pringle maneuver. Intraoperative ultrasound was routinely performed. Liver parenchyma transection was performed by clamp-crush technique and/or ultrasound aspiration dissector under right selective or total pedicle clamping, or without clamping. Liver resection was achieved with a macroscopic tumor free margin of Ն1 cm whenever possible.
Extrahepatic Disease
Patients in whom resectable extrahepatic disease was intraoperatively detected underwent liver resection provided that a complete macroscopic resection of the extrahepatic disease could be achieved at the time of hepatectomy.
Postoperative Care
After operation, intravenous albumin was administered to maintain blood levels over 30 g/L. Prophylactic antibiotics were given during 24 hours postoperatively. A cholangiogram was performed at day 6 and was followed by removal of abdominal drain in the absence of biliary leak. 
Follow-up
After surgical resection, all patients were followed up by a physical examination, CEA and CA 19 -9 serum levels control, abdominal ultrasonography, and CT scan every 3 to 6 months. No patient was lost during the follow-up period.
Statistics
Results are expressed as mean Ϯ standard error of mean. Fisher exact, 2 , and Mann-Whitney U tests were used. Kaplan-Meier survival was calculated from the date of liver surgery, and significant differences were examined with logrank test. Independent variables influencing postoperative recurrences were determined by using a stepwise logistic regression analysis. A difference was considered significant when the P value was less than 0.05. All statistical analysis were performed with the SPSS 10.0 for Windows computer software (SPSS, Inc., Chicago, IL).
RESULTS
Patient Characteristics
The mean age of the 44 patients at hepatectomy was 64.1 Ϯ 9.9 years (range, 44 -80 years). Sixteen patients were older than 70 years. The sex M/F ratio was 25:19. At the time of hepatectomy, 14 patients were ASA score 1, 23 ASA score 2, and 7 ASA score 3. The primary tumor was located in the colon in 27 patients and in the rectum in 17 patients. Primary tumor was well, moderately differentiated, and poorly differentiated in 9, 29, and 6 patients, respectively. According to pTNM classification (M excluded), the primary tumor was staged I, II, and III in 7, 10, and 27 patients, respectively. Three patients underwent a simultaneous resection of the primary tumor and of the liver metastases. The mean interval between primary tumor resection and hepatectomy was 32 Ϯ 29 months (range, 3-150 months) in the remaining 41 patients.
Metastases Characteristics
Seventeen patients had a solitary liver metastases, 8 had 2 metastases, 13 had 3 metastases and 6 had more than 3 metastases. The mean size of largest metastases was 86 Ϯ 43 mm (range, 15-200 mm). Twenty-two patients had synchronous CLM. Six patients underwent associated procedures at the time of hepatectomy. They included resection of solitary peritoneal carcinomatosis (n ϭ 4), resection of loco-regional primary tumor recurrence (n ϭ 1), and partial resection of the right diaphragm (n ϭ 1). During laparotomy for liver resection, no patient presented macroscopic evidence of hepatic pedicle lymph node involvement. Thirty-eight of 44 patients underwent hepatic pedicle and retroduodenopancreatic lymph node dissection. Among them, 6 patients (15.8%) presented hepatic pedicle lymph node metastases at pathologic examination.
Chemotherapy Administration Neoadjuvant Chemotherapy for CLM
Nineteen patients did not receive chemotherapy. Among them, 11 had metachronous and 8 synchronous CLM, including 2 patients in whom a simultaneous resection of the primary tumor and of liver metastases was performed. The remaining 25 patients received different regimens of systemic chemotherapy before right hepatectomy. The chemotherapy regimens included 5-fluorouracil (5-FU) ϩ acid folinic (n ϭ 8), 5-FU ϩ acid folinic ϩ oxaliplatin (n ϭ 14), and 5-FU ϩ acid folinic ϩ irinotecan (n ϭ 3). The median number of cycles was 6 (range, 2-12). Only 1 patient developed severe neuropathy after 3 cycles of oxaliplatin and received a second line of chemotherapy with a shift from 5-FU ϩ acid folinic ϩ oxaliplatin to 5-FU ϩ acid folinic (17 cycles). Among the 25 patients receiving neoadjuvant chemotherapy, 21 had stabilization and 4 had partial response of CLM.
Adjuvant Chemotherapy for CLM
Five patients presenting synchronous and 9 metachronous liver metastases did not receive adjuvant chemotherapy. The remaining 30 patients received different regimens of systemic chemotherapy after CLM resection. The chemotherapy regimens included 5-FU ϩ acid folinic (n ϭ 12), 5-FU ϩ acid folinic ϩ oxaliplatin (n ϭ 12) and 5-FU ϩ acid folinic ϩ irinotecan (n ϭ 6). The median number of cycles was 6 (range, 3-12).
Comparability of Patients Undergoing Hepatectomy With or Without Preoperative PVE
Age, gender, ASA score, primary tumor site, primary tumor differentiation, pTNM stage, preoperative CEA blood level, type of liver metastases, disease-free interval from primary to liver metastases, size of largest liver metastases, resection of solitary peritoneal carcinomatosis nodule, hepatic pedicle lymph node involvement, perioperative blood transfusion, and chemotherapy administration (neoadjuvant or adjuvant for CLM) were similar in patients with or without preoperative PVE (Table 1) . However, patients undergoing hepatectomy with preoperative PVE had significantly higher rate of single liver metastases (56.5%) compared with patients undergoing hepatectomy without preoperative PVE (19.0%, P ϭ 0.025). Oncological risk factors were homogenously distributed among the patients receiving or not receiving respectively neoadjuvant or adjuvant chemotherapy as shown in Tables 2 and 3 .
Operative Outcome
The average time period between the time of PVE and hepatectomy was 2 Ϯ 1 months. There was no operative mortality. After hepatectomy, 27 patients (61.4%) had uneventful postoperative course. Seventeen patients (38.6%) developed 26 postoperative complications. Among them, 11 patients presented specific complications related to liver surgery and 8 patients developed general complications. Records of these postoperative complications are summarized in Table 4 .
Survival and Recurrence
The mean follow-up after hepatectomy was 35 Ϯ 28 months, respectively (range, 6 -115 months). The 1-, 3-, and 5-year overall survival rates were 92.5%, 54.7%, and 38.7%, respectively. The 3-and 5-year overall survival rates were 61.2% and 43.7% in patients undergoing hepatectomy after PVE and did not differ from that observed in patients operated on without PVE (49.7% and 35.5%; P ϭ 0.862). The 1-, 3-, and 5-year disease-free survival rates were 52.4%, 29.0%, 
Intrahepatic and Extrahepatic Recurrences
Recurrences were intrahepatic in 22 patients (50%) and extrahepatic in 27 (61.3%). Nineteen patients (43.1%) developed both intrahepatic and extrahepatic recurrences. Intrahe- patic and extrahepatic recurrences were simultaneously diagnosed in 9 patients. Extrahepatic recurrences were diagnosed 12 Ϯ 10 months (range, 2-30 months) after intrahepatic recurrences in 8 patients. In the remaining 2 patients, intrahepatic recurrences were detected 8 and 11 months after extrahepatic recurrences. Three patients developed isolated intrahepatic recurrences 5, 23, and 33 months, respectively, after hepatectomy. Isolated extrahepatic recurrences occurred in 8 patients 20 Ϯ 16 months (range, 3-46 months) after hepatectomy. Extrahepatic recurrences were located as follows: lungs in 21 patients, bones in 5, peritoneum in 4, primary tumor site in 3, brain in 2. Rarer sites of metastases were the adrenal gland, the kidney, and the gluteal region, each accounting for one occurrence. In 9 patients, extrahepatic recurrences occurred in 2 (n ϭ 7) or 3 (n ϭ 2) sites. First intrahepatic or extrahepatic recurrence occurred within 18 months after liver resection in 18 (81.8%) and 20 patients (74.0%), respectively, as shown in Figure 2 .
Treatment of Recurrences
Intrahepatic recurrences occurred as a single metastases in 9 patients or multiple metastases in 13. Surgical treatment of intrahepatic recurrences was achieved in 8 patients and consisted in a repeat hepatectomy in 6 patients and in percutaneous radiofrequency ablation in 2. In 3 cases (2 with PVE), intrahepatic recurrences were located near the liver resection margin. Among them, 2 patients with PVE had resection margin of less than 1 cm.
Analysis of Factors Influencing Intrahepatic Recurrences
The results of univariate analysis showed that preoperative PVE (P Ͻ 0.001) and single liver metastases (P ϭ (Table 6) . A multivariate analysis showed that preoperative PVE, single liver metastases, and administration of neoadjuvant chemotherapy were independent factors for intrahepatic recurrences (Table 7) .
DISCUSSION
The present series showed that preoperative PVE was significantly associated with a reduced rate of intrahepatic recurrence in patients undergoing right hepatectomy for unilobar CLM. This study suggests that preoperative PVE could contribute to reduce perioperative tumor shedding and intraoperative intrahepatic dissemination.
After CLM resection, most of the recurrences occur during the first 2 years (Fig. 2) . 19 Currently, the reported recurrence rates in Europe, United States, and Japan range from 40% to 79%. [1] [2] [3] [4] [5] 7, 14, 19, 23 Similarly, in the present series, the overall intrahepatic recurrence rate was 50%. The number of liver metastases, administration of neoadjuvant chemotherapy, and particularly PVE were significantly associated with a decreased rate of intrahepatic recurrence. The present single institutional retrospective study is the first series showing a significant reduction of intrahepatic recurrence rate after right hepatectomy for unilobar CLM provided that a preoperative PVE has been used.
Recently, Tanaka et al reported that the number of liver metastasis affects intrahepatic recurrences after hepatectomy for CLM. 14 The present series confirmed that even in case of unilobar disease the presence of multiple CLM was associated with a higher rate of intrahepatic recurrence compared with single CLM. Moreover, in contrast to the results of Tanaka et al the number of CLM was an independent prognostic factor. 14 Several studies analyzed the value of neoadjuvant chemotherapy for the treatment of CLM, particularly in case of nonresectable CLM. 4,24 -32 Adam et al reported a significant reduction of intrahepatic recurrence rate in patients who responded to neoadjuvant chemotherapy. 4 In the present series, administration of neoadjuvant chemotherapy was significantly associated with a reduction of intrahepatic recurrence rate. Indeed, all the patients who underwent hepatectomy after neoadjuvant treatment had at least stabilization of the disease. However, different chemotherapy regimens as well as different number of preoperative cycles have been used and no conclusion can be made. Furthermore, the indications for neoadjuvant chemotherapy in case of resectable CLM need to be established.
Weitz et al have demonstrated that patients undergoing major liver resection for CLM are at high risk for intraoperative tumor cells dissemination. 33 The authors concluded that the extensive manipulation of the tumor during liver mobilization result in a high incidence of tumor cell shedding. Moreover, the same group have recently demonstrated that colorectal tumor cells dissemination are related to the number of liver metastases and to chemotherapy administration. 34, 35 Experimental models 36 and histologic investigations of the vascularization of human CLM 37, 38 have shown that portal vein contribute to blood supply of CLM particularly at the tumor periphery. Moreover, Miles et al have recently showed that portal vessels around CLM have more a draining rather than a blood supplying function. 39 According to these findings, it seems possible to hypothesize that tumor shedding may occur retrogradely through the portal vessels as previously described for dissemination of hepatocellular carcinomas. 40 -42 This "retrograde portal dissemination" theory suggests that preoperative PVE might contribute to reduce intrahepatic tumoral spreading by intraluminal occlusion of the peripheral portal branches. Indeed, in the present series, patients who underwent preoperative PVE, suffered from significantly lower intrahepatic recurrence rate than patients who did not underwent preoperative PVE. However, further studies should be conducted to confirm the existence of tumoral shedding through the portal vessels and to demonstrate its clinical relevance. An alternative explanation for the observed reduction of intrahepatic recurrence rate in the group of patients who underwent preoperative PVE can be proposed. Preoperative PVE allows a better selection of surgical patients by providing a period of time of about 1 to 3 months between PVE and liver resection. Indeed, in our experience, 22% (n ϭ 5) of the patients requiring preoperative PVE developed disease progression while waiting liver hypertrophy and these patients were excluded from the study as they never underwent liver resection. 23 However, if the FIGURE 2. Kaplan-Meier cumulative risk of intrahepatic and extrahepatic disease recurrence after right hepatectomy for unilobar colorectal liver metastases. Note that 81.8% and 74.0%, respectively, of these recurrences occurred within 18 months after hepatectomy.
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Annals of Surgery • Volume 244, Number 1, July 2006 reduction of intrahepatic recurrence after PVE would be explained only by the selection of patients with a favorable tumor biology, we would expect to observe an improved overall survival. At the opposite, in the present series PVE did not affect survival but was associated with a reduction of 39 -42 However, further investigations are needed to confirm this hypothesis. The 2 groups were similar regarding the clinical and the pathologic characteristics except the number of CLM. Indeed, the repartition of patients with single liver metastases was significantly different between patients with and without preoperative PVE. This difference could have influenced the interpretation of the presented data regarding the effect of PVE on postoperative intrahepatic recurrence rate. However, our results showed that preoperative PVE as the number of liver metastases were independent factors significantly associated with a reduced rate of intrahepatic recurrences. Moreover, even in patients with multiple liver metastases, the intrahepatic recurrence rate was higher in patients without preoperative PVE compared with patients with preoperative PVE (76.5% vs. 40%). Recently, Kokudo et al suggested that PVE can be associated with an enhanced recurrence rate after CLM resection. 22 However, the authors compared patients with major liver resection to those with minor liver resection, and they included patients with unilobar and bilobar CLM. Therefore, the extent of their inclusion criteria resulting in a heterogeneous population could have affected their final conclusion. Elias et al reported that PVE can increase the growth rate of CLM. 20 Similarly, in our experience, PVE could have stimulated the growth of previously undetected contralateral micrometastases at least in 3 patients. However, PVE is still indicated before right hepatectomy in case of a small FRL (Յ30%). 23, 43, 44 
CONCLUSION
This study suggests, for the first time, that preoperative PVE may reduce intrahepatic recurrence rate after liver resection for unilobar CLM. Further studies are warranted to confirm this interesting message delivered by these preliminary results. Whether or not preoperative PVE should be routinely performed before right hepatectomy to reduce intrahepatic recurrences is an important question, which could be answered by a prospective randomized trial. 
